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Abstract
Objective:  To  investigate  the  effect  of  different  exercise  sequences  during  agonist--antagonist
paired sets  on  training  volume,  ratings  of  perceived  exertion,  and  muscle  activation.
Material and  methods:  Thirteen  recreationally  trained  males  participated  in  this  study.  Two
protocols were  adopted  in  two  non-consecutive  days.  BS  --  participants  performed  three  repe-
tition to  failure  sets  (with  8  repetition  maximum  loads)  of  bench-press  (BP)  followed  by  seated
row exercise  in  alternate  manner.  SB  --  the  seated  row  (SR)  was  performed  before  bench  press.
Two-minute  rest  interval  was  adopted  between  sets  and  exercises.  The  number  of  repetitions
and electromyography  signals  of  the  posterior  deltoids  (PD),  biceps  brachii  (BB),  pectoralis
major (PM),  and  triceps  brachii  (TB)  muscles  were  recorded  during  both  exercises.
Results: No  signiﬁcant  differences  were  noted  in  training  volume  (1486.6  ±  200.3;  1492  ±  282.5)
and total  work  (22.3  ±  1.3;  22  ±  2)  BS  and  SB  sequences  for  BP,  respectively.  Higher  training
volume (1709.7  ±  177.6;  1424.4  ±  196)  and  total  work  (25.3  ±  1.8;  21  ±  1.6)  were  noted  for  SR
under BS  compared  to  SB.  Higher  PD  activation  was  noted  during  SR  under  BS  compared  to  SB.
Conclusion:  The  exercise  sequence  showed  signiﬁcant  differences  in  strength  performance  and
agonist muscle  activation  during  agonist--antagonist  paired  sets  for  SR  exercise.  These  results
suggest that  antagonist  pre-loading  may  have  a  potential  effect  on  back  muscles.
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Parámetros  de  rendimiento  de  fuerza  mediante  la  adopción  de  diferentes  secuencias
de  ejercicios  durante  series  emparejadas  agonista-antagonista
Resumen
Objetivo:  Investigar  el  efecto  de  distintas  secuencias  de  ejercicios  de  series  emparejadas  de  los
músculos agonistas/antagonistas  sobre  el  volumen  del  entrenamiento,  la  percepción  subjetiva
del esfuerzo  y  la  activación  muscular.
Material  y  método:  Trece  deportistas  de  recreación,  hombres,  fueron  voluntariamente  someti-
dos a  este  estudio.  Se  aplicaron  2  protocolos  en  2  días  no  consecutivos.  Protocolo  BR:  los
participantes  realizaron  3  series  de  ejercicios  de  press  de  banca  (PB)  hasta  el  agotamiento  (con
carga de  8  repeticiones  máximas)  seguidas  del  ejercicio  de  remo  sentado  (RS),  alternadamente.
Protocolo  RB:  el  remo  sentado  se  realizó  antes  del  PB.  Se  adoptó  un  intervalo  de  recuperación
de 2  min.  Entre  repeticiones  y  ejercicios.  Durante  los  2  ejercicios  se  anotaron  el  número  de
repeticiones  y  la  sen˜al  electromiográﬁca  de  los  músculos  deltoides  posterior  (DP),  del  bíceps
braquial (BB),  del  pectoral  mayor  (PM)  y  del  tríceps  braquial  (TB).
Resultado:  No  se  encontraron  diferencias  signiﬁcativas  en  el  volumen  de  entrenamiento
(1.486,6 ±  200,3;  1.492  ±  282,5)  y  del  trabajo  total  (22,3  ±  1,3;  22  ±  2)  entre  las  secuen-
cias BR  y  RB,  para  PB,  respectivamente.  Se  observó  un  volumen  de  entrenamiento  (1.709,7
± 177,6;  1.424,4  ±  196)  y  del  trabajo  total  (25,3  ±  1,8;  21  ±  1,6)  superiores  en  el  RS  en  la
secuencia BR,  comparado  con  RB.
Conclusión:  La  secuencia  del  ejercicio  mostró  diferencias  signiﬁcativas  en  el  rendimiento
de fuerza  y  activación  muscular  de  los  agonistas  durante  las  series  emparejadas  agonista-
antagonista  en  el  ejercicio  de  RS.  Estos  resultados  indican  que  la  precarga  de  los  antagonistas
puede generar  un  efecto  potencial  para  favorecer  el  rendimiento  de  los  músculos  dorsales.
© 2014  Consell  Català  de  l’Esport.  Generalitat  de  Catalunya.  Publicado  por  Elsevier  España,
S.L.U. Todos  los  derechos  reservados.
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esistance  training  has  been  widely  used  as  an  effec-
ive  method  for  developing  strength,  endurance  and/or
ower  performance  for  athletes  or  general  population.1 The
anipulation  of  intensity  and  volume  of  training  are  essen-
ial  to  increase  the  outcomes  during  resistance  training
rograms.2--4 Training  volume  (sets  ×  repetitions  ×  external
oad)  is  usually  calculated  by  coaches  and  athletes  during  the
esistance  training  sessions  in  order  to  increase  the  strength
ains  in  acute  and/or  chronic  manner.5
Several  training  systems  are  often  applied  in  order  to
anipulate  the  training  volume.  One  of  these  training  sys-
ems  is  the  agonist-antagonist  paired  set  (PS),  which  can
e  accomplished  in  a  shorter  time  (efﬁciency)  without
ompromising  efﬁcacy  (training  volume).6 PS  training  is
haracterized  by  performing  exercises  for  agonist  and  antag-
nist  muscles  in  alternated  manner,  with  or  without  rest
ntervals  between  sets  and  exercises.7 Previous  evidences
ave  been  suggested  that  PS  training  allows  a  similar  or
igher  strength  performance  than  traditional  set  (TS)  train-
ng,  with  a  signiﬁcant  reduction  in  the  duration  of  training
ession.6,8,9
Robbins  et  al.7,  observed  similar  training  volume  between
S  (with  4-minute  rest  interval  between  sets  and  exer-
ises)  and  PS  (with  2-minute  rest  interval)  training  for  bench
ull  and  bench  press  exercises,  with  four  repetition  maxi-
um  (RM)  loads.  However,  Robbins  et  al.7,  noted  a  higher
fﬁciency  (training  volume/time)  under  PS,  compared  to  TS
a
t
tonsidering  training  session  duration.  Recently,  Maia  et  al.9
ound  signiﬁcant  increases  on  repetition  performance  and
lectromyographic  (EMG)  data  of  vastus  medialis  and  rectus
emoris  during  leg  extension  followed  by  lying  leg  curl  exer-
ise  (with  10RM  loads),  compared  to  a  set  of  leg  extension
xercise  performed  without  antagonist  preloading.  Similar
esults  were  noted  by  Paz  et  al.10, who  noted  higher  repeti-
ion  performance  and  muscle  activation  of  latissimus  dorsi
nd  biceps  brachii  for  seated  row  exercise  (10RM  loads)
mmediately  after  a  of  bench  press,  when  compared  to
et  of  seated  row  without  antagonist  preloading.  Consid-
ring  the  effect  of  exercise  order  during  APS,  Balsamo
t  al.8,  observed  higher  training  volume  and  lower  ratings
f  perceived  exertion  (RPE)  under  PS  session  with  leg  curl
ollowed  by  leg  extension  resistance  exercise  (with  10RM
oads),  compared  to  leg  extension  performed  before  leg  curl
xercise.  These  data  suggest  that  the  exercise  order  during
S  training  may  promote  signiﬁcant  interference  on  strength
erformance.
Several  studies  have  shown  that  exercise  order  promote
igniﬁcant  impact  on  repetition  performance  in  acute  man-
er  during  resistance  training  programs.3,4,11 However,  the
ffect  of  exercise  order  during  PS  training  on  muscles  acti-
ation  and  strength  performance  are  still  unclear.  These
vidences  may  be  useful  resistance  training  practitioners
nd  coaches  who  want  to  improve  the  strength  outcomes
nd  also  reduce  the  training  session  duration.  Therefore,
he  purpose  of  this  study  was  to  investigate  the  effect  of  PS
raining  compared  to  TS  on  training  volume,  RPE  and  muscle
xerc
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activity  of  pectoralis  major,  biceps  brachii,  triceps  brachii
and  posterior  deltoid.
Materials and  methods
Participants
Thirteen  recreationally  trained  men  were  recruited  from
a  local  university  using  convenience  sampling,  with
the  following  mean  (±standard  deviation,  SD)  charac-
teristics:  age  =  22.1  ±  1.2  years,  height  =  173  cm  ±  5.2,
weight  =  74.6  kg  ±  5.1,  and  body  fat  percent-
age  =  11.4%  ±  2.1;  resistance  training  experience  =  3.1  ±  1
years.  The  inclusion  criteria  were:  To  have  at  least  one
year  of  resistance  training  experience,  with  averaging  four
60-minute  sessions  per  week  using  1-  to  2-minute  rest
intervals  between  sets  and  exercises.  The  exclusion  criteria
were:  To  have  any  functional  limitation  or  medical  condition
that  could  inﬂuence  their  ability  to  perform  the  testing  or
experimental  protocols  were  excluded  from  the  current
study  and  to  perform  upper-body  exercise  in  the  48  hours
prior  to  each  session.  The  current  study  was  approved
by  the  Institutional  Human  Experimental  Committee  at
University.  Written  informed  consent  was  obtained  from  all
participants  prior  to  participation,  in  accordance  with  the
Declaration  of  Helsinki.
Procedures
The  current  study  employed  a  randomized  crossover  design
comprised  of  4  visits  carried  out  on  nonconsecutive  days
with  48--72  h  of  rest  interval.  All  tests  were  completed  at
the  same  time  of  day,  and  the  participants  were  instructed
to  avoid  any  type  of  exercise  during  the  period  of  the
test  sessions.  The  ﬁrst  two  testing  sessions  focused  on
measures  of  strength  and  anthropometry.  Anthropometric
data  were  measured  following  the  protocol  of  Jackson  and
Pollock.12
Eight  repetition  maximum  tests  (8RM)
At  each  of  these  sessions,  strength  was  assessed  using  an
8RM  test  for  bench-press  and  wide-grip  seated  row  exer-
cises  on  machines  (Life  Fitness,  Rosemont,  IL,  USA).  The
8RM  test  was  performed  at  a  constant  pace  (two  seconds
for  concentric  and  two  seconds  for  eccentric  actions)  and
was  controlled  by  a  metronome  (Metronome  Plus  2.0,  M&M
Systeme  Germany).13 If  the  participant  did  not  attain  8
repetitions  in  the  ﬁrst  attempt,  the  weight  was  adjusted
by  4--10  kg,  and  a  minimum  of  ﬁve  minutes  of  rest  was
given  before  the  next  attempt.  Ten-minute  rest  intervals
were  adopted  between  exercises  to  test  the  loads  for  8RM.
Bench-press  and  seated  row  exercises  were  alternated  dur-
ing  test  and  retest.  Only  three  trials  were  allowed  per
testing  session.  The  test  and  retest  sessions  were  conducted
with  48  hours  of  intervals  (Fig.  1).
w
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xercise  sessions
t  the  third  and  fourth  visits,  participants  were  assigned
o  exercise  sequences  in  a  randomized  fashion:  BS  --  par-
icipants  performed  three  paired  sets  repetition  to  failure
f  bench-press  followed  by  seated  row  exercise  with  8RM
oads,  adopting  two-minute  rest  interval  between  sets  and
xercises;  SB  --  participants  performed  three  paired  sets
epetition  to  failure  of  seated  row  followed  by  bench-press
xercise  with  8RM  loads,  adopting  two-minute  rest  interval
etween  sets  and  exercises.  Before  each  protocol,  partici-
ants  performed  a  warm-upset  of  15  repetitions  using  50%
f  8RM  loads  for  the  ﬁrst  exercise  performed,  followed  by  a
-minute  rest  interval  before  beginning  the  experimental
rotocols.14 The  number  of  repetitions  and  electromyo-
raphic  (EMG)  activity  of  the  posterior  deltoids  (PD),  biceps
rachii  (BB),  pectoralis  major  (PM),  and  triceps  brachii  (TB)
uscles  were  assessed  during  the  seated  row  and  bench-
ress  exercises  in  each  protocol.
erceived  exertion  assessment  procedures
uring  the  experimental  protocols,  the  participants  were
rovided  perceived  exertion  scaling  instructions  and  anchor-
ng  procedures  for  the  OMNI-RES  before  exercising.15 The
nstructions  also  explained  the  nature  and  use  of  the  OMNI-
ES,  differentiated  ratings  and  how  to  use  the  low  and
igh  numerical  categories  as  scale  anchor  points.  The  scale
nchoring  procedure  provided  the  subject  with  an  under-
tanding  of  the  range  of  perceptions  that  corresponds  to  the
ow-  and  high-rating  categories.  The  anchoring  procedures
llowed  the  subjects  to  experience  the  2  extremes  of  RPE:
ating  1  (extremely  light)  and  rating  9  (extremely  hard).  In
ur  study,  the  anchoring  of  rating  was  providing  at  the  end  of
ach  set  performed  in  bench-press  and  seated  row  exercise.
urface  electromyography
he  EMG  signal  was  captured  through  passive  bipolar  sur-
ace  electrodes  (Kendal  Medi  Trace  200,  Tyco  Healthcare,
ointe-Claire,  Canada),  acquired  by  a  dedicated  data  acqui-
ition  system  model  PS850  (Biometrics,  Newport,  UK).  The
ignals  were  ampliﬁed  by  1000  (CMRR  >  100  dB),  and  sam-
led  at  1000  Hz  after  being  band-pass  ﬁltered  (10--500  Hz).
ome  precautions  were  taken  in  order  to  avoid  the  dynamic
MG  limitations,  such  as  the  placement  and  location  of
he  electrodes  which  was  made  in  accordance  with  surface
lectromyography  for  the  non-invasive  assessment  of  mus-
les  (SENIAM)  recommendations.16 Skin  surface  was  shaved,
lightly  abraded,  and  cleaned  with  alcohol  swabs  before
lacing  the  EMG  surface  electrodes.  These  were  placed  on
he  corresponding  muscle  belly  aligned  with  the  ﬁber  direc-
ion,  according  to  SENIAM  standards,  in  order  to  avoid  the
ossibility  of  crosstalk.17 The  PM  electrode  was  placed  at
he  midpoint  between  the  acromion  process  and  the  xiphoid
rocess.  The  PD  electrode  was  in  the  area  about  two  ﬁnger
reaths  behind  the  angle  of  the  acromion.  The  BB  electrode
as  placed  on  the  line  between  the  medial  acromion  and  the
ubit  fossa.  The  TB  electrode  was  placed  half  way  between
he  acromion  process  and  the  olecranon  process  at  2  ﬁnger
idths  below  the  medial  line.  The  reference  electrode  was
106  M.d.F.  Maia  et  al.
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laced  in  the  clavicle  bone.  The  impedance  between  elec-
rode  pairs  was  less  than  5  k  using  a  25-Hz  signal  through
he  electrodes.  All  these  procedures  were  performed  by  the
ame  investigator.  Placement  of  the  electrodes  was  identi-
ed  on  the  ﬁrst  day  of  testing,  and  an  indelible  pen  mark
as  made  on  the  skin  to  ensure  that  the  same  position  was
sed  on  subsequent  days.
ata  analysis
he  mean  amplitude  of  the  root  mean  square  (RMS)  was
ssessed  using  the  custom-written  software  Matlab  5.02c
MathWorks  TM,  Natick,  MA,  USA).  The  averaging  window
or  the  RMS  was  100  milliseconds,  and  all  reported  values
re  the  mean  RMS  over  a  predetermined  sampling  window
rom  the  onset  to  the  end  of  each  contraction.  Only  the
ignal  of  central  repetitions  obtained  was  analyzed,  exclud-
ng  the  ﬁrst  and  last  repetition  of  each  set  and  exercise.
his  procedure  was  adopted  to  avoid  problems  with  sig-
al  discrepancies  regarding  the  inertia  at  the  beginning  of
xercises,  as  well  as  the  possibility  of  fatigue  in  the  last
epetition.  EMG  data  were  collected  for  the  entire  (con-
entric  and  eccentric  phases)  for  each  set,  exercise  and
rotocol.  EMG  data  were  expressed  as  a  percentage  rel-
tive  to  the  largest  RMS  value  (100%)  of  the  EMG  signal
btained  for  each  muscle  considering  all  sets  and  proto-
ols  performed  respectively.18 The  normalization  via  the
eak  of  EMG  data  obtained  during  all  sets  and  exercise  for
ach  muscle  was  adopted  to  avoid  and  attenuate  some  lim-
tations  of  EMG  analysis  during  these  dynamic  tasks  such
s  changes  in  either  the  shape  of  the  intracellular  action
otential,  volume  conductor,  sarcolemmal  properties  of
he  muscle  ﬁbers,  or  differences  in  subcutaneous  tissue
hickness.17
tatistical  analyses
he  statistical  analyses  included  the  test--retest
eliability  of  8RM  loads  and  EMG  spectral  param-
ters  using  the  intraclass  correlation  coefﬁcient
ICC  =  (MSb  --  MSw)/[MSb  +  (k  −  1)MSw)]),  where  MSb  =  mean-
quare  between,  MSw  =  means-square  within,  and = average  group  size.  The  Shapiro--Wilk  test  and
omoscedasticity  (Bartlett  criterion)  showed  that  all  varia-
les  presented  normal  distribution  and  homoscedasticity.
hese  data  were  analyzed  using  a  2-way  analysis  of  variance
b
v
Bdy  design.
ANOVA)  (2  [sequences]  ×  3  [sets])  with  repeated-measures
o  determine  whether  there  were  signiﬁcant  main  effects
r  interactions  between  the  exercise  sequences  and  the
ets  (1,  2,  and  3).  EMG  data  were  analyzed  using  a  3-way
NOVA  (2  [sequence]  ×  3  [sets]  ×  4  [muscles])  with  repeated
easures  to  determine  whether  there  were  signiﬁcant  main
ffects  or  interactions  among  the  exercise  sequences,  sets
1,  2,  and  3)  and  muscles  analyzed.  Post  hoc  tests  with
he  Bonferroni  correction  were  employed  when  necessary.
aired  T  test  was  adopted  to  compare  the  total  work  (sum  of
he  number  of  repetitions  over  the  three  sets)  between  the
rotocols  for  each  exercise.  To  verify  the  differences  in  the
otal  RPE  between  protocols  and  exercises,  Wilcoxon  test
as  used,  respectively.  The  level  of  statistical  signiﬁcance
as  set  at  0.05  for  all  tests.  The  effect  size  was  also
omputed  following  the  Rhea  (2004)19 recommendations.
he  statistical  analysis  was  performed  with  SPSS  version
0.0  (Chicago,  IL,  USA).
esults
here  was  no  signiﬁcant  differences  between  sequences
F  =  0.013;  p  =  0.912)  for  bench-press  exercise,  how-
ver,  signiﬁcant  differences  were  noted  between  sets
F  =  77.775;  p  =  0.0001)  (Table  1).  Thus,  signiﬁcant  inter-
ctions  were  observed  between  sets  and  sequences
F  =  10.191;  p  =  0.001).  On  the  other  hand,  there  were  no
ifferences  on  training  volume  and  total  work  between
equences  for  bench  press  exercise.  Considering  the  seated
ow  exercise,  there  was  signiﬁcant  differences  between
equences  (F  =  40.904;  p  =  0.0001)  and  sets  (F  =  48.941;
 = 0.0001).  Thus,  there  was  no  interaction  between  sets  and
equences  (F  =  1.807;  p  =  0.186).  However,  higher  training
olume  (p  =  0.0001)  and  total  work  (p  =  0.0001)  were  noted
or  seated  row  exercises,  under  BS  sequence  compared  to
B.
The  RPE  was  signiﬁcantly  higher  from  set  2  (p  =  0.002;
 = 0.0001)  and  3  (p  =  0.003;  p  =  0.0001)  to  set  1,  under  BS  and
B  sequences  for  bench  press  exercise,  respectively  (Fig.  2).
hus,  the  RPE  was  greater  during  set  3  under  SB  (p  =  0.0001)
ompared  to  BS  sequence.  However,  no  signiﬁcant  differ-
nce  was  found  in  the  RPE  for  seated  row  exercise  over  the
hree  sets  for  both  sequences  (Fig.  3).There  was  no  signiﬁcant  difference  or  interaction
etween  sets  and  sequence  for  TB  and  PM  muscles  acti-
ation  during  bench-press  exercise.  This  was  also  true  for
B  activation  during  bench-press  exercise.  However,  there
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Table  1  Mean,  SD  and  effect  size  of  repetition  performance,  training  volume  and  total  work  for  bench  press  and  seated  row
during the  experimental  protocols.
Set  1  Set  2  Set  3  TV  TW
Bench  press
BS  8  ±  0  7.6  ±  0.7  6.6  ±  0.8#§  1486.6  ±  200.3  22.3  ±  1.3
SB 9  ±  1  7  ±  0.6#  6.1  ±  0.8#§  1492  ±  282.5 22  ±  2
Effect size  1  (moderate)  −0.85  (trivial)  −0.62  (trivial)  0.02  (trivial)  −0.23  (trivial)
Seated row
BS  9.2  ±  1.4*  8.3  ±  0.6*  7  ±  0.8#§* 1709.7  ±  177.6*  25.3  ±  1.8*
SB 7.9  ±  0.2  7  ±  0.8  6.1  ±  1.1#§  1424.4  ±  196  21  ±  1.6
Effect size  −0.92  (trivial)  −2.1  (trivial)  −1.12  (trivial)  −1.60  (trivial)  −2.38  (trivial)
BS: bench press followed by seated row exercise; SB: seated row followed by bench press exercise; TV: training volume (repeti-
tion × sets × external load); TW: total work (repetitions × sets); * sign
sequence; # signiﬁcant difference for set 1; §  signiﬁcant difference for
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Figure  2  Ratings  of  perceived  exertion  values  (median)  fol-
lowing  the  OMNI-RES  scale  for  bench  press  exercise.  BS:  paired
sets between  bench  press  followed  by  seated  row  exercise;
SB: paired  sets  between  seated  row  followed  by  bench  press
exercise;  *  signiﬁcant  difference  for  SB  sequence;  ¥ signiﬁcant
difference  for  BS  sequence;  #  signiﬁcant  difference  for  set  1;  §
signiﬁcant  difference  for  set  2.
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Figure  3  Ratings  of  perceived  exertion  values  (median)  fol-
lowing  the  OMNI-RES  scale  for  seated  row  exercise.  BS:  paired
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SB: paired  sets  between  seated  row  followed  by  bench  press
exercise.was  signiﬁcant  difference  between  protocols  for  PD  muscle
activation  (F  =  5.454;  p  =  0.038).  The  PD  coactivation  was  sig-
niﬁcantly  higher  during  set  1  (p  =  0.002),  2  (p  =  0.0001)  and
3  (p  =  0.0001)  under  BS  compared  to  SB  sequence  (Fig.  4).
d
e
Riﬁcant difference to SB sequence; ¥ signiﬁcant difference to BS
 set 2.
There  was  signiﬁcant  difference  between  protocols  for
D  muscle  (F  =  6.324;  p  =  0.021).  The  PD  coactivation  was
igniﬁcantly  higher  during  set  1  (p  =  0.021),  2  (p  =  0.001)  and
 (p  =  0.0001)  under  BS  compared  to  SB  condition.  There
as  no  signiﬁcant  difference  or  interaction  between  sets
nd  protocols  for  BB  muscles  during  seated  row  exercise  for
oth  sequences.  Similar  results  were  found  for  TB  activation
uring  seated  exercise  (Fig.  5).
iscussion
he  main  ﬁndings  of  this  investigation  demonstrate  that
here  was  signiﬁcant  higher  training  volume  for  seated  row
xercise  when  it  was  performed  after  bench  press  exer-
ise,  compared  to  inverse  order  during  PS  training.  Higher
D  muscle  activation  was  also  noted  over  the  three  sets
erformed  for  seated  row,  under  BS  protocol,  compared  to
B.  These  results  are  in  agreement  with  previous  evidences
hich  found  signiﬁcant  improvements  on  strength  perfor-
ance  following  antagonist  pre-loading  protocols.8,20 These
ndings  may  also  indicate  that  the  exercise  order  should  be
onsidered  during  the  prescription  of  PS  training.
Higher  training  volume  was  observed  in  the  current  study
or  seated  row  exercise  when  it  was  performed  after  bench
ress  exercise  (BS),  compared  to  inverse  order  (SB).  These
esults  were  similar  to  those  found  by  Balsamo  et  al.8,
ho  noted  signiﬁcantly  higher  training  volume  when  leg
xtension  exercise  was  performed  after  leg  curl  exercise
10RM  loads),  compared  to  the  inverse  order  (leg  extension
erformed  before  leg  curl  exercise).  Balsamo  et  al.8,  sug-
ests  that  the  hamstring  muscles  were  more  sensitive  to
lterations  on  muscles  spindles,  Golgi  tendon  organs  and
lastic  energy  storage  compared  to  quadriceps  muscles,
hich  may  be  responsible  for  the  potential  effect  of  antag-
nist  preloading.  Considering  the  seated  row  exercise,  Paz
t  al.10 observed  higher  repetition  performance  after  an
ntagonist  preloading  set  of  bench  press  (10RM  loads),  when
ompared  to  a  set  of  seated  row  exercise  performed  without
ntagonist  preloading.However,  in  the  current  study,  there  was  no  signiﬁcant
ifference  on  training  volume  and  total  work  for  bench  press
xercise  between  both  sequences.  This  was  also  true  for
PE  between  sequences  and  exercises.  Similar  results  were
108  M.d.F.  Maia  et  al.
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ench press  exercise.  *Signiﬁcant  difference  for  SB  protocol  (p  
oted  by  Robbins  et  al.7,  who  found  similar  training  vol-
me  under  three  of  PS  for  bench  pulls  and  bench  press
4RM  loads)  exercises,  using  4-minute  rest  intervals  between
ets  and  exercises,  compared  TS  training.  Robbins  et  al.7
uggest  that  the  back  muscles  are  more  resistant  to  accu-
ulate  fatigue,  which  may  affect  the  antagonist  preloading
6djustment.  In  another  study,  Robbins  et  al. also  observed
imilar  training  volume  following  three  PS  (2-minute  rest
nterval)  of  bench  pulls  and  bench  press  (4RM),  compared
o  TS  training  (4-minute  rest  interval).  These  results  were
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ifferent  to  those  observed  by  Baker  and  Newton20,  who
oted  higher  power  performance  during  bench  press  throws
-minute  after  a  set  of  bench  pulls  exercise,  compared  to
ench  press  throws  without  antagonist  preloading.  Baker
nd  Newton20 suggested  that  this  increasing  on  agonist
ower  performance  was  due  to  an  alteration  on  triphasic
attern  of  activation  (agonist--antagonist--agonist)  induced
y  antagonist  preloading.
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BS  sequence,  compared  to  SB  sequence.  These  results  are
in  disagreement  with  previous  researchers  which  did  not
found  difference  on  agonist  or  antagonist  muscle  activation
between  PS  training  compared  to  TS  training.7,6 However,
similar  results  were  observed  by  Paz  et  al.10,  who  noted
higher  muscle  activation  for  latissimus  dorsi  and  BB  during
seated  row  followed  by  a  set  of  bench  press,  compared  to  a
set  without  antagonist  preactivation.  The  authors  associated
these  results  to  a  fatigue  state  induced  by  antagonist  manip-
ulation.  Recently,  Maia  et  al.9,  observed  signiﬁcant  increases
on  vastus  medialis  and  rectus  femoris  muscle  activation
during  a  set  of  leg  extension  exercise  (10RM  loads)  fol-
lowed  by  lying  leg  curl  exercise,  adopting  limited  or  shorter
rest  intervals  (30  s  and  1-minute),  compared  to  a  proto-
col  without  antagonist  preloading.  These  results  supports
the  hypotheses  which  indicate  that  antagonist  preactivation
could  improve  the  agonist  muscle  activation  and  strength
performance.6
In  the  present  study,  signiﬁcant  increases  on  PD  activa-
tion  were  noted  during  bench  press  exercise  over  the  three
sets,  under  BS  sequence  compared  to  SB.  This  results  may
be  associated  to  shoulder  stabilizing  function  of  PD  muscles
during  seated  row  exercise  (shoulder  abduction),  consider-
ing  the  accumulated  fatigue  over  the  PS,  and  increasing  in
the  number  of  repetitions  performed  under  BS  sequence.
The  increased  EMG  amplitude  observed  during  BS  might
be  primarily  attributed  to  additional  motor  unit  recruit-
ment  and/or  increased  spatial  or  temporal  motor  unit
synchronization,  presumably  to  compensate  for  muscle  ﬁber
fatigue.21,22 Several  mechanisms  (e.g.,  neural  adjustment  of
Golgi  tendon  organ,  increased  elastic  energy  storage,  alter-
ation  of  triphasic  neural  pathways)  have  been  proposed  to
explain  antagonist-pre-load  induced  performance.7,8,20,23 On
the  other  hand,  the  alteration  on  triphasic  pattern  may  not
be  responsible  for  the  results  found  in  the  current  study,
considering  the  triphasic  pattern  of  activation  are  often
induced  by  higher  speed  movements.
A  secondary  ﬁnding  of  the  present  study  was  the  observed
decreases  in  repetition  performance  for  both  bench  press
and  seated  row  across  sets  under  both  protocols.  These
data  suggest  that  a  2-min  rest  interval  was  inadequate  to
maintain  repetition  performance.  This  ﬁnding  is  consistent
with  previous  PS  research  in  which  repetition  performance
was  not  maintained  when  using  rest  intervals  of  1--4  minutes
between  like  exercise  sets.3,6,24
This  study  has  limitations  that  warrant  mentioning.  Due
to  factors  such  as  muscle  speed,  ﬁber  and  length,  the
interpretation  of  the  EMG  signal  during  dynamic  tasks  may
increase  the  non-stationary  characteristics  of  the  EMG  sig-
nal.  Additionally,  the  current  study  only  examined  two  upper
body  resistance  exercises,  whereas  resistance  training  ses-
sions  typically  include  various  exercises  performed  over
multiple  sets.  Thus,  the  interaction  between  agonist  and
antagonist  muscles  has  a  greater  potential  and  practical
applicability  for  acute  improvements  on  strength  perfor-
mance  which  should  be  explored  in  future  researchers.Conclusion
The  results  of  the  current  study  suggests  that  the  exercise
order  has  a  greater  effect  on  strength  performance  during
1ise  sequences  109
S  training  for  training  volume,  total  work  and  muscle  acti-
ation,  considering  upper  body  muscles.  If  the  goal  of  the
raining  session  is  to  increase  the  repetition  performance
nd  muscles  activation  in  acute  manner,  the  bench  press
xercise  might  be  performed  before  seated  row  exercise.
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